The structural behaviour of CsCdF 3 under pressure is investigated by means of theory and experiment. High-pressure powder x-ray diffraction experiments were performed up to a maximum pressure of 60 GPa using synchrotron radiation. The cubic P m3m crystal symmetry persists throughout this pressure range. Theoretical calculations were carried out using the full-potential linear muffin-tin orbital method within the local density approximation and the generalized gradient approximation for exchange and correlation effects. The calculated ground state properties -the equilibrium lattice constant, bulk modulus and elastic constants -are in good agreement with experimental results. Under ambient conditions, CsCdF 3 is an indirect gap insulator with the gap increasing under pressure.
I. INTRODUCTION
Ternary fluorides with the perovskite crystal structure have been extensively studied over several decades, as they have several potential applications because of their optical properties 1,2 , high-temperature super-ionic behaviour 3 , and physical properties, such as ferroelectricity 4 , antiferromagnetism 5 , and semiconductivity 6 . The application of CsCdF 3 in the field of luminesence 7, 8, 9 has motivated several experimental and theoretical investigations of defect structures involving 3d transition metal ions. 10, 11, 12, 13, 14, 15, 16, 17, 18 . Elastic properties, including thermal expansion and acoustical measurements of higher order elastic constants, have been reported 19, 20, 21, 22 . Perovskite fluorides may exhibit structural phase transitions as function of temperature and pressure. 23, 24, 25 The present work is a combined theoretical and experimental study of the ground state and high-pressure properties of CsCdF 3 . We present the equation of state resulting from high-pressure diamond-anvil cell experiments up to 60 GPa. The ideal cubic structure is preserved over this entire pressure range. We also present the equation of state, the elastic constants and the electronic structure as obtained from theoretical calculations based on density functional theory using two different approximations for the exchange-correlation functional.
The remainder of the paper is organized as follows. Details of the computational method as well as details of the experimental setup are outlined in section II. The measured and calculated equations of state are presented in section III together with calculated ground state properties and elastic properties. The electronic structure and the pressure variation of the band gap are discussed in section IV. Finally, conclusions are given in section V.
II. COMPUTATIONAL AND EXPERIMENTAL DETAILS
A. The electronic structure method
The total energies and basic ground state properties of CsCdF 3 were calculated by the all-electron linear muffin-tin orbital (LMTO) method 26 in the full-potential implementation of Ref. 27 . In this method, the crystal volume is split into two regions: non-overlapping muffin-tin spheres surrounding each atom and the interstitial region between these spheres.
We used a double κ spdf LMTO basis to describe the valence bands, i. e. atom-centered
Hankel functions with characteristic decay rate denoted by κ are matched to a linear combination of products of numerical radial function and spherical harmonics within the muffin-tin spheres. The calculations included the 5s, 5p, 6s, and 5d partial waves for cesium, the 5s, 5p, and 4d partial waves for cadmium, and the 2s and 2p partial waves for fluorine. The exchange correlation potential was calculated within the local density approximation (LDA) The pressure inside the diamond anvil cell was determined by the standard ruby luminescence method. 36 The incident monochromatic x-ray wavelength was λ = 0.36798Å. The
x-ray diffraction patterns were recorded on an imaging plate with a typical exposure time of 10-20 s, with an incident beam size of 20 x 20 µm. The distance between the sample and the detector was calibrated using a CeO 2 standard. The patterns were integrated using the Fit2D software program 37 and the cell parameters were obtained using the JADE package.
The evolution of diffraction patterns as a function of pressure is shown in Fig. 1 . At ambient conditions the cell parameter a = 4.4669 (7) 
where B 0 is the bulk modulus and B and compares it with theoretical curves calculated within the LDA and GGA. As is typical, the LDA leads to slightly smaller volume at a given pressure than the experiment, while the GGA gives a larger volume.
The lattice constant and bulk modulus measured in the present work as well as values calculated within the LDA and GGA are given in Table I constant obtained within the LDA is 1.6 % lower than the experimental value, while the corresponding bulk modulus is 4.7% lower than the experimental value, which is the usual level of accuracy of LDA. When comparing the results obtained within GGA, the lattice constant is 2.2 % higher than the experimental value and the corresponding bulk modulus is 32% lower than the experimental value. Since the present theory does not describe thermal effects, it is more relevant to compare to the low temperature experimental lattice constant, which is 0.4 % lower than the room temperature (RT) value (Table I) . Further, correcting the low temperature experimental lattice constant for the zero-point motion of the ions, which is not considered in the theory, reduces the best value to compare to theory even more.
Hence, the LDA lattice constant is in fact closer to experiment than the GGA value. The excellent agreement between the LDA calculated bulk modulus and the experimental value is, however, fortuitous, since the bulk modulus depends strongly on volume. Due to the overestimated equilibrium volume within GGA (and underestimated with LDA), an error is introduced in the calculated bulk modulus. Therefore, we recalculated the bulk modulus also at the experimental volume, using the simple scaling relation:
The corrected values are also quoted in Table I . We find that this diminishes the discrepancies between the LDA and GGA results, as expected. In addition, the LDA bulk modulus now becomes smaller than the GGA one for CsCdF 3 , and both functionals are seen to actually underestimate the bulk modulus, by approximately 25 % (LDA) and 7 % (GGA).
The elastic constants of CsCdF 3 calculated within LDA and GGA are listed in Table 2 where they are also compared to experimental results as well as earlier calculations. The LDA overestimates the C 11 value by 28% and the corresponding GGA value is 1.8% lower than the experimental value. The C 12 value within LDA is 5.4% lower than the experiment, and the corresponding GGA value is 33.3% higher than the experiment. The C 44 elastic constants are higher by 9% both within LDA and GGA compared to experiment. 19 The C 11 elastic constant obtained within GGA is much closer to the experimental value than the LDA value, while for C 12 the situation is reversed, and for C 11 the two approaches give approximately the same value, and in reasonable agreement with the experimental value. The elastic constants depend sensitively on the volume as illustrated in Figure 3 for the case of LDA. Hence the above values carry an appreciable uncertainty inherited from the volume inaccuracy of the LDA or GGA approach. The pressure derivatives of the elastic constants are more stable quantities. They are compared to experimental values 22 in Table III with a reasonable agreement. The C 11 has the strongest pressure dependence in accordance with the experiment, while the theoretical C 44 value is almost constant with pressure, while experiment find it increasing with pressure. A point of caution is the fact that the present theory pertains to T = 0 K, while experiments are performed at room temperature. Finite temperature generally tends to reduce the elastic constants because of thermal expansion. Using the calculated elastic constants we calculated the anisotropy factor A = 2C 44 /(C 11 − C 12 ). We find an A = 0.49 for LDA and A = 0.70 for GGA. The experimental 19 value calculated from the elastic constants is 0.74 which is slightly higher than the GGA value.
IV. ELECTRONIC STRUCTURE
The calculated electron band structure of CsCdF 3 is shown in Figure 4 , while the density of states is displayed in Figure 5 
V. CONCLUSIONS
In the present work, a combined theoretical and experimental analysis of the structural stability and equation of state of the fluoroperovskite CsCdF 3 has been carried out up to a pressure of 60 GPa. We find that the compound remains in the cubic structure in the entire pressure range studied. The calculated equilibrium lattice constant, bulk modulus and elastic constants agree well with available experimental data. Our electronic structure calculations show that CsCdF 3 is an insulator with an indirect gap which increases with pressure. dC 11 dp dC 12 dp dC 44 dp 
